Background. Shortening the duration of treatment with HCV direct-acting antivirals (DAAs) leads to substantial cost reductions. According to the label, sofosbuvir and ledipasvir can be prescribed for 8 weeks (SL8) in noncirrhotic women or men with HCV genotype 1 and low viral loads. However, real-world data about the efficacy and safety of SL8 are largely missing.
In the last decade, the management of patients chronically infected with the hepatitis C virus (HCV) has substantially changed due to the outstanding success of the clinical development of direct-acting antiviral agents (DAAs) [1] . These drugs are characterized by rapid viral decline within days [2] [3] [4] owing to inhibition of the viral replication cycle and a favorable tolerability profile compared with interferon alfa. To date, 4 classes of HCV DAAs have made their way into clinical practice, which target 3 viral enzymes: the NS5B polymerase, NS3/4A protease, and the NS5A protein as part of the viral replicase [5, 6] .
Combined treatment with ≥2 HCV-DAA classes, with or without ribavirin, has demonstrated higher sustained virologic response (SVR) rates than classic treatment strategies with pegylated interferon alfa and ribavirin, with much shorter treatment durations (8-12 vs 24-48 weeks) and substantially better tolerability. Depending on the subgroup studied, virologic cure rates of >90% have been achieved in most cases [7] . However, earlier real-world treatment data with combination therapy with first-generation protease inhibitors revealed much lower SVR rates than the respective phase 3 trials [8] .
Factors associated with virologic treatment failure in HCV-DAA combination trials were HCV genotype, the presence of liver cirrhosis, male sex, the interleukin 28B (IL28B) genotype, or the presence of resistance-associated variants to HCV DAAs [9] . Moreover, most trials with treatment durations <12 weeks led to lower SVR rates [10] [11] [12] .
In a phase 3 trial, the ION-3 trial, the all-oral fixed-dose combination of ledipasvir (90 mg) plus sofosbuvir (400 mg), given once daily for 8 weeks in treatment-naive noncirrhotic patients with HCV genotype 1, led to overall cure rates of 94% [13] . A post hoc analysis suggested that patients with an HCV viral load <6 million IU/mL, female patients, and patients with a favorable IL28B CC genotype responded as well to the 8-week as to the recommended 12-week treatment course [14, 15] . This finding has led to European and US guidelines implementing this strategy for treatment-naive, noncirrhotic women or men with HCV genotype 1 and low viral loads [16, 17] . To study the efficacy of sofosbuvir plus ledipasvir for 8 weeks (SL8) in a real-world setting in HCV-monoinfected and human immunodeficiency virus (HIV)-HCV-coinfected subjects, we extracted treatment data from a large German real-world cohort (GECCO).
METHODS
The prospective, multicenter German hepatitis C cohort (GECCO) was set up in February 2014 shortly after the European approval of the first NS5B polymerase inhibitor, sofosbuvir, to obtain real-world data for HCV-DAA-based treatments. Nine German treatment centers have been included in the cohort so far: the University Hospital in Bonn, the Gastroenterology Practice in Leverkusen, the Gastroenterology Practice in Herne, the Center for HIV and Hepatogastroenterology in Duesseldorf, the Center for Interdisciplinary Medicine in Muenster, the Infectiology Center in Hamburg, the Infektiologikum in Frankfurt, the Center for Infectiology in Berlin, and the Viral Hepatitis Center of the University Medical Center Hamburg-Eppendorf.
All patients started on HCV-DAA-based regimens were included in the database. Along with HCV-specific variables, such as viral genotype, viral load levels, and treatment information, extensive metadata were recorded for every patient, including demographic characteristics, presence and degree of fibrosis or other comorbid conditions, comedication, and clinical laboratory information from measurements at baseline up to 24 weeks after treatment. The present analysis evaluated interim data from the ongoing database on the treatment effectiveness of SL8, using data from 210 HCV-monoinfected and 35 HIV-HCV-coinfected individuals in a real-world setting.
All laboratory analyses were performed locally. To measure HCV RNA, 5 centers (in Duesseldorf, Herne, Frankfurt and Hamburg) used the Roche COBAS AmpliPrep/COBAS TaqMan HCV Test, version 2.0, with a lower limit of quantification of 15 IU/mL (1.17 log IU/mL); 3 centers (Berlin, Muenster, and Bonn) used the Abbott RealTime HCV assay, with a lower limit of quantification of 12 IU/mL (1.08 log IU/mL); and 1 center (Leverkusen) used both methods in 2 different laboratories. An SVR was defined as an undetectable HCV RNA level 12 weeks after the end of treatment, and relapse was defined as reemergence of a detectable HCV RNA after the end of treatment.
For comparative analyses, normally distributed variables are expressed as means (with standard deviations) and nonnormally distributed variables as medians (with ranges). Pairwise group comparisons were performed with χ² test for categorical variables (eg, sex and cirrhosis status) and with 2-sided t test (or Wilcoxon rank sum test) for normally (or nonnormally) distributed numerical variables (eg, age and serum HCV RNA levels). Group comparisons that resulted in a P value equal to or less than α = .05 were deemed statistically significant. All data analyses were performed using the statistical computing language R (version 3.2.3).
RESULTS
At the time of analysis, 1353 patients with chronic HCV infection were included in the GECCO cohort. To analyze the number of patients who were theoretically eligible for a short-course treatment with ledipasvir-sofosbuvir we excluded 5 patients with double entry due to retreatment and 61 patients from 1 center (Leverkusen) where the method of polymerase chain Of the remaining 1287 patients, 337 HCV genotype 1 patients (26.2%) fulfilled the criteria for shortening sofosbuvirledipasvir treatment to 8 weeks, including 152 women (45.1%), 185 men (54.9%); 42 (12.5%) were HIV coinfected. However, only 193 (57.2%) were eventually treated for 8 weeks (Figure 1 ). Another 52 patients did not strictly fulfill the criteria but were still given SL8 because they were interferon alfa experienced (n = 38), had HCV genotype 4 (n = 4), were cirrhotic (n = 3), or were men with an HCV RNA level above the threshold of 6 million IU/mL (Roche COBAS TaqMan) or the comparable threshold of 2 million IU/mL (Abbott RealTime) (n = 19) [18] .
The baseline characteristics of the 245 patients receiving SL8 are shown in Table 1 , stratified by their HIV status. Overall, 124 patients (51%) were female, and the mean age was 50 years (standard deviation, 12.4 years). The median baseline alanine aminotransferase level was 54 IU/mL (range, 16-649 IU/mL), and the median HCV viral load was 8.3 × 10 5 IU/mL (12-1.4 × 10 7 IU/mL).
Thirty-five patients (15%) were HIV-HCV coinfected; these patients were significantly more often male (P < .001) and had higher alanine aminotransferase, aspartate aminotransferase, and γ-glutamyltransferase levels (P < .01). All HIV-infected patients received antiretroviral treatment, and their median CD4 cell count was 601/μL (range 152-1446/μL).
SL8 was generally well tolerated. The most common documented adverse effects were headache (10%), fatigue (7%), nausea (3%), and arthralgia (2%). One patient stopped treatment after 1 week owing to an allergic reaction. For the effectiveness analysis, we excluded 18 patients who were treated outside the 8-week recommendations owing to a small sample size. Only 1 relapse occurred in this subgroup, in an HIV-coinfected male patient with a high viral load. The 34 interferon-experienced patients remained within the analysis. However, only 4 of these experienced patients were prior nonresponders, and 11 patients were prior relapsers; 14 had stopped interferon-based treatments prematurely for tolerability reasons, and in 5 patients the type of response was unknown.
The proportion of patients with an undetectable HCV RNA level 12 weeks after the end of treatment (SVR12) was 93.5% overall (186 of 199 patients). The SVR12 rate in HCV-monoinfected patients was 93% (159 of 171 patients), compared with 96.4% (27 of 28) in HIV-HCV-coinfected patients. The SVR12 rate in treatment-naive patients was 94% (155 of 166) versus 91% (30 of 33) in treatment-experienced individuals. Only 2 patients (1%) had a virologic failure (relapse), but 10 (5%) were lost to follow-up (Figure 2) , and 1 patient stopped treatment prematurely. The on-treatment SVR rate was 99.4% (159 of 160) in HCV-monoinfected and 96.4% (27 of 28) in HIV-HCVcoinfected patients (P = .19).
DISCUSSION
These interim results of the German multicenter GECCO cohort show that high SVR rates obtained in clinical trials with 8 weeks of oral sofosbuvir and ledipasvir are reproducible in a real-word setting. We observed an intent-to-treat SVR rate of 93.5% (186 of 199 patients) and an on-treatment SVR rate of 99% (186 of 188) in patients chronically infected with HCV. A small number of HIV-HCV-coinfected patients were also subjected to this treatment regimen, leading to a promising SVR12 rate of 96% (27 of 28 patients).
Moreover, 34 patients receiving SL8 who were not treatment naive but had been treated with interferon-based treatments in the past showed an on-treatment SVR of 97% (30 of 31). However, only 4 of those patients were prior nonresponders, 9 were relapsers, and most patients had interrupted interferon-based treatment owing to toxicity and therefore cannot be considered to have had true prior treatment failure. Prior nonresponders to interferonbased therapies have historically been among the hardest-to-treat patient groups, whereas prior relapsers tend to respond better [19] , but in the sofosbuvir-ledipasvir trials for pretreated patients, shortening of treatment was generally not allowed [20] .
In a mainly white population, the interim results of GECCO-01 confirm the results of the ION-3 phase 3 trial and are indeed encouraging, because a shorter treatment duration might reduce costs and therefore enable more patients to have access to treatment. Several phase 2 trials investigating treatment duration of 8 weeks have been conducted in HCV genotype 1 patients in the last couple of years. The C-WORTHY trial studied the combination of grazoprevir and elbasvir in HCV-monoinfected and HIV-HCV-coinfected patients for 8-12 weeks, and the 8-week-arm led to an SVR rate of 80% [12] . In the Aviator trial, the 8-week arm of paritaprevir/ritonavir/ombitasvir/ dasabuvir led to a cure rate of 88% [21] . More recently, the combination of velpatasvir and sofosbuvir for 8 weeks in treatment-naive genotype 1 patients led to response rates between 81% and 87%m, depending on the velpatasvir dosage [22] . In the ALLY-2 trial, an 8-week treatment course of daclatasvir and sofosbuvir in HIV-HCV-coinfected patients led to a disappointing response rate of 76% [10] . A baseline HCV viral load >2 million IU/mL (COBAS TaqMan HCV Test 2.0) was associated with relapse in that trial.
Notably, HIV-HCV-coinfected patients showed response rates similar to those of HCV-monoinfected patients in HCV-DAA combination trials [23, 24] . In the GECCO cohort, a small number of HIV-HCV-coinfected patients were treated with SL8, with an excellent response rate. The HIV-infected patients in the GECCO cohort were all receiving antiretroviral treatment and had a stable immunological situation and a comparatively low HCV viral load. We speculate that the good response rate in our HIV-infected patients is related partly to the fact that SL8 has a low potential for drug-drug interactions with HIV drugs [25] and partly to the fact that our patients were favorably preselected by their treating physicians, especially with regard to HCV viral load. Consequently, we conclude that SL8 might be safe and effective in selected HIV-HCV-coinfected patients. However, it will be important to confirm these first results in larger trials with HIV/HCV-coinfected patients.
The GECCO cohort has several other limitations. First, the population consists mainly of German patients of European ancestry origin. Conclusions can therefore not be drawn for other ethnic groups, such as African Americans, who have been shown to respond less well to this regimen [26] . Moreover, other factors related to treatment response, such as IL28B genotype and HCV resistance tests, have not been systematically documented.
In conclusion, data from the real-world GECCO cohort confirm that SL8 is highly effective in well-selected patients with chronic HCV infection. The recommended HCV RNA thresholds seem applicable to clinical practice. HIV-HCV-coinfected patients also respond well to this regimen and might be considered for it if baseline factors are favorable. Future guidelines should carefully take these findings into account. 
